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Increasing body temperature during physical work is one of the im-
portant factors limiting endurance performance (Adams et al., 1975; Mac
Dougall et al., 1974; Pugh et al., 1967; Saltin et al., 1972; Schmidt, Brick,
1981). The mechanism of this effect is not fully understood. It is known,
however, that exercise-hyperthermia considerably alters circulatory and
respiratory responses to exercise; it may also impair some regulatory
functions of the brain, and affect motivation to continue the work.

There are some data demonstrating that high temperatures, but within
physiological limits, lower phosphorylative efficiency of mitochondria in
skeletal muscle in vitro (Brooks et al., 1971) and in vivo increase the
glycolytic rate in muscle during isometric contractions (Edwards et al.,
1972).

Previous results from this laboratory (Kozlowski et al., 1983, unpub-
lished data) provided evidence that prevention of hyperthermia during
prolonged exercise in dogs increases work endurance, slows down glyco-
gen depletion in working muscles and causes an increase in blood lactate
concentration. This suggested that exercise-induced hyperthermia might
reduce working ability by its effect on muscle metabolism.

The aim of this work was to study the effect of external cooling during
exercise on changes in body temperatures, heart and respiratory fre-
quencies as well as on some indices of muscle metabolism in dogs.

MATERIAL AND METHODS

Experimental procedure. The investigations were carried out on 16 male dogs
weighing 15—21 kg, familiarized with the treadmill running. The dogs performed
exercise of moderate intensity (slope 12°, speed 4.3—5.8 km/h) until exhaustion, at
ambient temperature 22 + 1°C and relative air humidity 55 % 59, first without
(control), and then a few days later with external cooling. During exercises the dogs
were wearing canvas jackets with pockets filled either with sand (2kg) or with
crashed ice (2 kg), packed in tightly closed plastic bags in experiments without and
with cooling respectively. .

* This ‘work was supported by the Polish Academy of Sciences within project 10.4.
*s Dr. J. E.'.Greenleaf was a senior NIH post-doctoral fellow on leave from NASA
Ames Res. Center, Moffett Field, CA 94035, US.A.

289

[

N e T AR RO

Wl et




AT ]

++10°0 > d ‘4600 > d :8urfood jnoyym pue UM 9s1dI8X9 FulInp paurejqo ssniga U33miaq S90UAISJJIP juedIJIudIS

. (3x/wsow)
S T 863 b F 867 T F ¢62 b F 662 T T v63 £)1{RIOWSO BWSE]J

14 8= VX4 +81 F 002 € TFee ¥ FIee LT F %S (urwi/syreaaq) 1y

01 F €02’ +%2 F 132 12 F €01 1€ F 8L2 %1 T 66 (urw/syesq) gy

£0 F L0 ++€0 F 10% 20 F 068 Y0 FSTH 10 F¥v6¢ (Do) 44T,

PO F LT ++S0F 2TH 10 F26¢ £0F T'Eh 0 F 168 Qo) WL

SOFTIP ++9'0 F L0V 70 F £68 T CO0F P 10 F L'6¢ Qo) L
puy 1 obﬂwwuwwﬂ:m aloyeg pug 810J3g paJnseaw sa[qBlIeA

8urjood ym asroIaxy

8ur[ood NoyIIm IswIAXy

aunsneyxa Bunnp £

I 2190

(@S F sueaw) Julfood jnoyym pue yjm s3op awes ayj £Aq pawlojrad aIsiIoXa
flejowso ewserd pue (Jy) ALdusnbaiy Liojesidsar ‘(4H) @3el jIesy ‘sainjeradwal £poq uj saBusy)

290




xx 100 >d ‘xg00 > d :san[ka a§1019x5> pur ([BHIUY) JUI)SaI UMIdY $9OUaLSITIp Juedigiudig
++10°0>d *4+c00 > d :3uI00d INOYIIM PUB YIIm SSIDI9X3 SULIND PIUIRIGO SIN[BA USIMJ3( SIDUSIIJJIP JUEDFIUSIS

[013ucd O pug

x xS 1€ F 6°€8T +xx88% F 0'1€2 8PE F L'6VE xx6Le F €191 eIy T T'L6E (urp 83/[owun) uaBodAD
x1'6 ¥ 6L9 ++x9°G T 689 LT F¥es xx8% F 66¥ P F 8¢8 (urp 3y/roww) 40
x10°0 ¥ 020 ++x10°0 F 81°0 1000 F ST'0 xx60°0 F 0¥°0 200 ¥ 8T°0 (urp 3y/joww) NV
xS0 FGL So0F 8L LOFES6 xx%1T F.L'9 90 ¥ 001 dav/div
€T ¥ L2 €T F60c2 80 F T'ET x1'C F 981 60 F 6'€e (wrp 8y/foww) 4LV
(wrp 8y/jowu)
xx8¢ F £9¥ ++xx¥'€ FQTH G0 F 8¢ xx08 ¥ €28 90F <9 V11 910NN
xxSP'0 F VO'E +xx6£0 F 28°C 210 T ¥€'1 xx93'0 F €6°E €10 F 26'1 (1/towws) v+ poorg
xx%'0 F 1'cH ++xxT0F 81 20 F £6¢€ xxZ%'0 F 0¥ ¢0F L6E (00 UL
xx€0FTT¥ ++xx3'0 F 80¥ 10 F 0°6€ xx%'0 F 8% ¢0 F v'6e .} L
pug 8s12I9X3 azojag pudg alojag painseaws SalqelIeA

BUI[00D Yjim ISIOIBXY

BUI[00D INOYJIM ISIOIIXT

(IS F sueawr) SUIl00D INOY}IM pue yjim sSop awes 3y} Aq pawiojrad
ISTOISXD FUNSNEYXS SULIND SHUIJUOD IFI[OQEIPW I[OSNW PUE ‘UOTIBIJUIIUO0D (V) 2jejoel poolq ‘sinjeraduwud; Apoq ul ssduey)

¢ aqo.L

291




Two series of experiments were performed:

In the first series the time of exercise until exhaustion (exercise tolerance), changes
in rectal (Te), brain (Thy), and muscle (Tm) temperatures as well as in heart rate
(HR), respiratory frequency (Rf) and plasma osmolality were compared in 5 dogs
exercising with and without cooling. For measurements of brain temperature each
dog had a thermocouple guide tube implanted stereotaxically into the lateral pre-
optic area of the hypothalamus. Tre, Thy, HR and R; were recorded continuously,
whereas Tm was measured before the run, every 30 min of its duration, and at the
end of exercise. Venous blood samples were taken at 30-min intervals to determine
plasma osmolality. To prevent dehydration water was given ad libitum to the dogs
when blood samples were withdrawn.

In the second series exercise tolerance, changes in Tre and Tm, blood LA, and
some indices of muscle metabolism were compared in 11 dogs performing exercise
with and without cooling. Venous blood samples for blood LLA determinations were
taken before exercise, at the 15th and 30th min of its duration and at the end of
run. Since the duration of exercise with cooling was always longer than the control
run in the former a blood sample was also taken at the time corresponding to ces-
sation of control exercise.

At the same time intervals needle bioptic samples were taken from the m. vastus
lateralis for determinations of ATP, ADN, AMP, phosphocreatine (PC), muscle gly-
cogen and lactate contents. Measurements of physiological variables. All the tem-
peratures were measured by a cooper-constantan thermocouples, Rt was recorded
using a strain gauge transducer placed on the dog’'s thorax, whereas HR was cal-
culated from the RR intervals of the ECG. Blood LA concentration was determined
using Boehringer tests (Diagnostica, Mannheim GmbH). Muscle samples were frozen
in liguid nitrogen, freeze-dried, powdered and then the HCIO; extracts were ana-
lyzed by the enzymatic micro-method (Harris et al., 1974).

RESULTS

First series of experiments, The time of exercise until exhaustion with-
out cooling was 90 = 15 min, whereas that with cooling 145 * 14 min
(p < 0.05). External sooling attenuated the rise in Tyy, T and Ty, during
exercise in comparison with the control run (Table 1). In both exercises
the increases in Ty, were lower than those in T, and Ty,. The point of
exhaustion could not be attributed to attainment of any particular brain,
rectal or muscle temperatures. The coolin f procedure caused a reduction
of the exercise-induced increase in HR and in R;. No difference in plasma
osmolality was found between dogs exercising with and without cooling.

Second series of experiments. The time of exercise until exhaustion
without cooling was 57 * 8.0 min and that with cooling 83 * 8.5 min
(p < 0.01). The main results of this series are summarized in Table 2. Simi-
larly as in the first series external coolmg significantly reduced exercise-
induced increases in both T,. and T},.

In comparison -with the control run in the exercise with cooling the
enhancement of blood LA concentration and muscle LA content were
markedly reduced, whilst muscle glycogen depletion was attenuated. Com-
paring the muscle high energy phosphates and their derivatives in dogs
exercising with and without cooling significant differences were found
in the muscle CP and AMP contents. In cooled dogs the muscle CP and
AMP contents. In cooled dogs the muscle CP was higher while the muscle
AMP content was lower than in control experiments. The muscle ATP
content was decreasing progressively during control exercise; durmg the
run with cooling it remained practically constant :
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DISCUSSION

The present data provided further evidence that prevention of high
increases in body temperature markedly improves work tolerance, pro-
longing the duration of exercise until exhaustion. Since dehydration of
animals was prevented in both exercises the increased duration of running
is certainly connected with lower body temperatures, although it cannot
be attributed to attainment of any specific rectal, muscle ar brain tem-
peratures. The latter finding does not support the suggestion that high
brain- temperature is the main cause of the deleterious effect of hyper-
thermia on working ability (Cabanac, Capute, 1979) at least during mo-
derate exercise performed in thermoneutral environment.

The decreased cardio-respiratory strain in cooled animals may con-
tribute to the improved working ability e.g. by reducing O, uptake by
respiratory muscles, improving muscle blood flow etc.

The main finding of this work is that modifications of body tempera-
tures during exercise influence muscle metabolism. The following changes
can contribute to the earlier exhaustion caused by exercise hyperthermia:
1) accelerated depletion of muscle glycogen content, 2) larger accumula-
tion of muscle lactate resulting in local acidosis, 3) insufficient re-synthesis
of high energy phosphates, which shifts the equilibrium values of PC +
-+ ATP, thus decreasing the energy transfer potential.

The locus of the primary disturbance in exercise metabolism caused
by hyperthermia is unknown and the relative importance of the above-
mentioned changes in development of fatigue needs further investigations.

Summarizing: the present study provided evidence that the limiting
effect of exercise hyperthermia on working ability may be attributed to
disturbances in muscle metabolism.

SUMMARY

Changes in body temperature during prolonged exercise and their in-
fluence on muscle metabolism were studied. In comparison with the
control run in the exercise with cooling by ice bags the enhancement of
blood LA concentration and muscle LA content were reduced, the muscle
glycogen depletion was attenuated. The muscle CP was higher while the
muscle AMP content was lower than in control experiments. The limiting
effect of exercise hyperthermia on working ability may be atributed to
disturbances in muscle metabolism.

Koztowski S., Kaciuba-Uécilko H., Nazar K., Brzezinska Z., Kruk B,
Greenleaf J. E.

ZMENY TELESNE TEPLOTY BEHEM DLOUHODOBEHO TELESNEHO CVICEN!
A JEJICH VLIV NA METABOLISMUS SVALU U PSU

Souhrn
Préice sleduje zmény té&lesné teploty psi béhem dlouhodobého pohybu a jejich

vliv na svalovy metabolismus. Ochlazeni zvifat pomoci vakl s ledem prokazalo
oproti kontroldm sniZeni koncentrace laktatu v krvi a svalu sniZeni ubytku glyko-
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genu, zvySeni hladiny svalového CP a naopak sniZeni AMP. Limitujici u¢inek né-
mahové hypertermie na pracovn{ schopnost miZe byt pfisouzen zménidm ve svalovém
metabolismu.

Koznopcku C., Kaumoba-Yupunko I, Hazap K., Bpxe3udascka 3.,
Kpwk B., I'puaancg 1. 3.

U3MEHEHUSA TEMIIEPATYPBHI TEJA' [TPU JOJIIOBPEMEHHOM:
YNPAXKHEHUU TENA M UX BIUAHUE HA METABOJIM3M MHUIL] COBAK

PeswomMme

PaboTa McCIeAYET U3MCHEHMS TEMIIEPATYPH Tena co6aK HPH AOJIrOBPEMEHHOM JIBMOKE-
HMM M MX BJIMAHMC Ha MEIUICYHbI1 MeTabonusm. OXIAXKIACHHUE XMBOTHHX TNPU TOMOILLW
MEWKOB CO JABAOM IIOKA3aJI0 HO CPABHEHMIO C KOHTPOJSAMM IMOHKXKECHME KOHLUCHTPALnK
NaKTata B KPOBM M B MBIIUIIE, NMOHMIKCHME YMEHBLUICHMS TJIOKOIERA, YBEIMYEHUE YPOBHE
MblmeyHoro CP u HaoGopor mnoHuxerue AMIIL. JImmuTMpYIOllce BO3ACUCTBUE TUNEPTLD-
MMM 10 Harpyskon Ha paboTrocnocoGHOCTE MOXET ObITh BLI3BAHO M3MEHCHUAMM B MM-
meyHom merabonuime,
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